Abstract: This work analyzes the effects of home-based teleworking on the number of trips and weekly miles travelled by mode and purpose for one-worker households in Great Britain using data from the National Travel Survey for the period between 2005 and 2012. Two path analysis models are developed, one considering weekly trips and travel distances by mode and the other weekly trips and travel distances by purpose. Both models consider teleworking frequency in the context of home and workplace land-use characteristics, commuting distance, car ownership levels and weekly trips and travel distances. This framework allows us to explicitly model endogenous relations in the chains of decisions relating these variables. The results suggest that home-based teleworking is a strategy used by people to cope with long and costly commutes. Workers living in less transit accessible areas and with longer commutes tend to work from home more frequently. The main conclusions relating to teleworking frequency point to the fact that it increases weekly miles travelled, particularly by car, while it does not reduce commuting distances travelled. These results suggest that home-based teleworking is not an effective travel demand management strategy, particularly because it seems to increase car use. The overall main result is that teleworkers travel more by more polluting transport modes.
Introduction
Home-based telework 1 rose to prominence in the last two decades of the 20th century mainly as a result of developments in information and communication technologies (ICT) . Telework rapidly emerged as a possible travel demand management strategy, aimed at reducing congestion and negative environmental impacts of transportation. The main rationale behind it was that by working at home people would not have to commute to their work locations and thereby travel would be curtailed. In this manner, ICT was seen as substitute for physical travel. Although enthusiastically supported by at least some policymakers, scholars' views on the transportation impacts of home-based teleworking are mixed: some studies point to positive impacts (e.g., Kitamura, Nilles, Conroy, & Fleming, 1991; Pendyala, Goulias, & Kitamura, 1991; Helminen & Ristimaki, 2007) , while others consider it ineffective (e.g., Hjorthol & Nossum , 2007; Zhu, 2012; Zhu & Mason, 2014; He & Hu, 2015) . The reasons behind these differences might be related to study heterogeneity, i.e., different methodologies, sample sizes (small samples, e.g., Kitamura et al., 1991; Henderson, Koenig, & Mokhtarian, 1996 ; and larger samples, e.g., Zhu, 2012; Zhu & Mason, 2014; Kim, Choo, & Mokhtarian, 2015) , and the use of travel diaries ranging from one to several days, among other factors.
Home-based telework also has implications in terms of land use patterns and the home and workplace location choices of teleworkers, particularly because teleworkers tend to have longer commuting distances than other workers (Wells, Douma, Loimer, Olson, & Pansing, 2001; Mokhtarian, Collantes, & Gertz, 2004; Zhu, 2012 Zhu, , 2013 . Regarding this aspect, there is contention about the direction of causality. Does it stem from commuting distance to telework?-meaning that telework is a strategy used by people to reduce commuting burden, or is it another opportunity for households to move to peripheral urban areas, thus contributing to sprawl? These issues guide the present research, which aims to study the effects of home-based telework frequency on weekly travel by mode and purpose. Telework frequency is modelled in the context of home and workplace urban characteristics, commuting distance and the number of trips and miles travelled during a whole week (to account for possible shifts of travel during different weekdays). The data used refers to a sample of single-worker households collected from the National Travel Survey (NTS) in Great Britain, between 2005 and 2012. This paper is organized as follows. In the next section a literature review is offered. It focuses mainly on the following aspects: impacts of teleworking on travel; relationships between teleworking, land use patterns and location choices; causality between commuting distance, residential and workplace location choices and teleworking; and factors affecting the decision to work from home. Section 3 presents the conceptual framework underlying the empirical analysis, while Section 4 describes the data and variables. Section 5 briefly describes the modeling method, and is followed by the discussion of the results in Section 6. The paper ends with the conclusions and a brief discussion about further research in Section 7.
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Literature review
Impacts of home telework on travel
One of the most important streams of research refers to the potential impacts of teleworking on the total amount of travel, and its subsequent effects on the environment. Although ICT in general, and teleworking in particular, can reduce travel costs and time, these savings may be used for engaging in other 1 The term telework is a synonym of telecommuting. Telework or telecommuting could be either home-based, meaning that people work remotely from home, or center-based where people commute to a telework center and work remotely from there. Home telework, travel behavior, and land-use patterns activities which might include travel (Mokhtarian, 2009) , thus offsetting some of its benefits. Early studies were mainly positive about the potential benefits of teleworking, with several reporting a reduction in the number of trips and miles driven by teleworkers (Hamer, Kroes, & Oosttsroom, 1991; Kitamura et al., 1991; Pendyala, Goulias, & Kitamura, 1991; Nilles, 1991; Mokhtarian, Handy, & Salomon, 1995; Henderson et al., 1996; Choo, Mokhtarian, & Salomon, 2005; Helminen & Ristimaki, 2007) . Some studies also reported travel reductions at the level of the household (Nilles, 1991; Mokhtarian et al., 1995) . Later studies tended to conclude the opposite, or at least that the gains were not as expressive as was initially thought (Nelson, Safirova, & Walls, 2007; Hjorthol & Nossum, 2007; Zhu, 2012; Zhu & Mason, 2014; He & Hu, 2015; Kim et al., 2015) . In addition, some recent studies concluded that households with teleworkers travel more than other households (Zhu & Mason, 2014; Melo & de Abreu e Silva, 2017) and that teleworkers have bigger travel budgets (Zhu, 2012) . There is also evidence that workers who engage in teleworking tend to have smaller activity spaces (Pendyala et al., 1991) because their activities tend to be clustered around home on the days they work from home, contrary to what happens on the other (commuting) days where their activities tend to be oriented towards the employment area (Saxena & Mokhtarian, 1997) . Furthermore, because teleworkers tend to live in more suburban areas, usually associated with lower levels of transit supply, there is a higher likelihood that their trips on teleworking days are made by car (Yen, 2000) . As a result, teleworking might contribute to decentralizing travel rather than reduce it (Kim et al., 2015) . This view is concurrent with the conclusions from studies which found that teleworkers are more frequent car users (Wells et al., 2001; Hjorthol & Nossum, 2007; Zhu & Mason, 2014) . Regarding travel purposes teleworkers tend to engage in more business and non-work trips than non-teleworkers (Zhu, 2012; Kim et al., 2015) .
Impacts of home telework on land-use patterns and location choice
Teleworker households tend to be located in the periphery of cities (Kim, Mokhtarian, & Ahn, 2012) and have longer commutes (Wells et al., 2001; Mokhtarian et al., 2004; Zhu, 2012 Zhu, , 2013 . Although several authors refer to commuting distance, or time, as one relevant reason to adopt home-based teleworking (Yen, 2000; Mokhtarian & Bagley, 2000; Mokhtarian et al., 2004; Nurul Habib, Sasic, & Zaman, 2012) , the latter can allow workers to live further away from their jobs thereby contributing to sprawl and longer commutes (Nilles, 1991; Mokhtarian, 2009 ). In the long term, this relocation of households to the periphery can reduce the transportation benefits of teleworking (Lund & Mokhtarian, 1994) . Other forces might also come into play since teleworking can increase both residential and workplace location flexibility (Tavyaran & Khan, 2003) . Teleworking might contribute to the dispersion of employment, leading to the reduction of teleworkers commuting distances, but it could also result in the centralization of urban activities (Rhee, 2008) . These possibilities, derived from theoretical urban models, are in some way validated by an empirical study in Seoul where it was found that teleworkers' commuting distance is shorter than for non-teleworkers, which could be explained by the transfer of jobs to the suburbs (Kim et al., 2012) .
Causality between home telework and commuting distance
There is ongoing debate on the direction of causality between home telework and commuting distance. Assuming households minimize commuting and housing costs, one would expect the causal direction to go from teleworking to home location (Tavyaran & Khan, 2003; Zhu, 2013; Zhu & Mason, 2014; ) , since teleworking can reduce commuting costs and allow people to move to the periphery where housing costs are lower. Nevertheless, several studies focusing on the decision to telework hint at a reverse relationship, proposing that it is the commuting cost, or time, that increase the likelihood to engage in home telework (Yen, 2000; Wells, et al., 2001; Peters, Tijdens, & Wetzels, 2004; Helminen & Ristimaki, 2007; Kim et al., 2012) . These conclusions are reinforced by Ory and Mokhtarian (2006) , who studied retrospectively 200 state workers in California. They found that people who always teleworked tended to move closer to their workplace, while those who moved further away from their workplace only tended to start teleworking after the move. In addition, teleworking did not appear to be relevant enough to affect home relocation decisions (Ory & Mokhtarian, 2006) . Other empirical studies also found that teleworking was not a significant factor in home relocation decisions (Muhammad, Ottens, Ettema, & de Jong, 2007; Ettema, 2010) . However, and despite the fact that teleworkers cannot be considered as an uniform group regarding their residential preferences, a positive association between being a teleworker and having suburban living preferences has been found by some studies (Ettema, 2010) . Although there is a theoretical rationale to consider that teleworking influences home (and work) location, the empirical studies reviewed here concluded otherwise, that is, teleworking is mainly a strategy to cope with long and costly commutes. Furthermore, since home location can be considered a long term decision, which because of its transaction costs is much more difficult to reverse than the decision to telework (Giuliano, 1989; Golledge & Garling, 2003) , it could also be argued that at least in the short term the direction of causality is more likely to run from commuting distance to home telework.
Other factors influencing the adoption of home telework
Several socioeconomic attributes were found to be associated with telework adoption, namely higher education levels (de Graaff & Rietvelt, 2004; Hjorthol & Nossum, 2007) and higher income (He & Hu, 2015) . People working in managerial/professional occupations are also more likely to telework than those working in other activities, namely in sales (Hjorthol & Nossum, 2007; Singh, Paleti, Jenkins, & Bhat, 2013) . The results are mixed for gender and age. Whereas Peters et al. (2004) found no differences in the predisposition to telework between men and women, other authors contend that being a man influences the likelihood to engage in telework (Poury & Bhat, 2003; Hjorthol & Nossum, 2007) . Regarding age, de Graaff and Rietvelt (2004) found that younger people are more willing to telework, whereas Poury and Bhat (2003) concluded otherwise. These contradictory findings might be related to the types of functions different workers perform and their specific compatibility with telework. Whereas younger people are generally more at ease with ICT, and therefore more apt to telework, older people might hold managerial functions which are also more compatible with teleworking. Household and location related characteristics also influence the decision to telework. Peters et al. (2004) found that the presence of children in households reduces the propensity to telework, but house size is a relevant positive influence (Yen, 2000) . Since bigger living space is usually associated with living in suburban areas, this implies that, besides reinforcing the connection between commuting distance and telework, it may also reinforce the role of built environment characteristics on the decision to telework (Singh et al., 2003) . However, Singh et al. (2003) also found a positive relationship between living in more urbanized areas and teleworking. This could be due mainly to better access to ICT devices and infrastructures in more urbanized areas. It could also mean that while teleworkers may be more likely to reside in the suburbs of large urban areas, their sprawl to the countryside is more difficult.
Travel behavior can also influence the decision to telework. People who commute by transit are more likely to engage in telework and are more sensitive to transit attributes (fares, travel times and access/egress times) than their car commuting counterparts (Yen, 2000; Nurul Habib, Sasic & Zaman, 2012) . These findings have potential negative effects for transport policy since they could spell reductions in transit patronage and higher mode shares for car. Individual preferences may impact on the decision to adopt home telework. People who perceive commuting as a burden are more inclined to engage in teleworking (Mokhtarian & Salomon, 1997; Mokhtarian & Bagley, 2000) . Social influence (Paez & Scott, 2007) and feedback effects from past behavior (Salomon, 1998) were also found to influence telework adoption.
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Conceptual framework
The main research questions addressed in this work relate to the effects of home-based telework on weekly travel by mode or purpose, and how the land use characteristics of residence and employment areas affect these relationships. To answer these questions, we developed a modelling framework for the relationship between home telework frequency, land use patterns of residence and employment areas, and long-and short-term travel behavior. Long-term relationships include location decisions, commuting distance and car ownership, whereas short-term decisions include the number of weekly trips and the number of weekly distance travelled by mode or purpose. Figure 1 presents the conceptual model, which is described below. Telework frequency was included in a modelling framework that relates land use patterns both at the residence and employment locations with commuting distance, household car ownership and the amount of weekly travel. The original framework, without home telework, has been applied to different cities in previous studies and resulted in similar outcomes and conclusions (de Abreu e Silva, Golab, & Goulias, 2006;  de Abreu e Silva, Morency, & Goulias, 2012), thereby reinforcing its robustness. To the best of our knowledge this is the first time that home telework frequency has been included in a model explicitly incorporating location decisions, and long-and short-term travel behavior decisions.
Building a model that can incorporate both travel purposes and modes creates daunting difficulties (this model would have 18 equations describing travel as compared to the 6 in the case of the present models). Therefore, we opt for the estimation of two separate models, one considering travel by mode and the other travel by purpose. The model focusing on weekly travel by mode (i.e., car, transit, active modes) investigates possible patterns of substitution between different transport modes, particularly between car use, public transport and active travel. It will allow us to examine the influence of teleworking frequency on car use, while at the same time controlling for other relevant determinants of modal choice like land use characteristics and car ownership. If, as Pendyala et al. (1991) and Saxena and Mokhtarian (1997) suggested, the activity spaces of teleworkers tend to be smaller and centered around home in the days they telework, then the trips made in these days could favor the use of modes more adapted to the transport and land use characteristics of residential locations, possibly car and active modes. The model for weekly travel by purpose (i.e., commuting, business, non-work) allows us to examine if the likely reduction in commuting trips due to home-based telework could be offset by the longer one-way commuting distance of teleworkers, and its effects on total weekly commuting distance. Importantly, this model also highlights the possible effects that savings in commuting travel might have on other activities (work and non-work related) that lead to additional travel, as hypothesized by Mokhtarian (2009) . These two models can also be used to test the hypothesis that teleworkers have larger travel budgets than non-teleworkers, as advanced by Zhu, (2012) .
The conceptual framework considers that the land use characteristics surrounding both the residence and the workplace are endogenous, and thus specified as a function of socioeconomic and demographic attributes of the individuals, their households, and travel behavior decisions, which in turn accounts for self-selection effects due to either specific needs or preferences of the respondents and their households. Both land use characteristics and socioeconomic variables affect commuting distance and car ownership. Frequency of teleworking is considered to be a shorter term travel decision, and therefore was modelled as a function of the longer term travel decisions and socioeconomic attributes. However, since existing literature on the relationship between commuting distance and home telework also suggests that the effect could be reversed (i.e., the possibility of teleworking could influence residential location to more remote areas: e.g., Zhu, 2013; Zhu & Mason, 2014) both specifications were tested, as well as a non-recursive specification where both directions of causality are considered. Finally, the variables representing longer term decisions (home and work location characteristics, commuting distance and car ownership) influence the number of weekly trips and travel distances either by mode or by purpose, which are considered to be short-term decisions. The conceptual framework also considers feedback effects, whereby shorter term travel behavior variables could influence commuting distance or location patterns of individuals.
Data and variables
The data were obtained from Great Britain's National Travel Survey (NTS) for the period between 2005 and 2012. The NTS is a stratified multi-stage random sample face-to-face travel survey of British households and has been carried on a yearly basis since 1988. The survey collects data for trip diaries for each surveyed household during a 7-day period. The sample used in this study comprises workers from single-worker households, who reported working in the same place at least two days a week, are not selfemployed in single worker companies and who do not work in agriculture or fisheries. Single-worker households, besides being easier to model, represent 44.7% of the households with workers in the NTS sample, making them a relevant segment. The sample size is 10,516 observations. Table 2 shows there has been an increase in home-based teleworking between 2005 and 2012, particularly for those teleworking three or more times per week, which more than doubled. These figures are in accordance with NTS data for the full sample of workers (i.e., not just the sub-sample of singleworker households considered in this study; see Melo & de Abreu e Silva, 2017) . Nevertheless, the vast majority of workers (around 82% in 2012) were not involved in home-based teleworking. Table 3 shows that the relation between travel and one-way commuting distance and teleworking is not linear. It is possible to devise a general mobility and commuting distance growth tendency as the frequency of teleworking increases. However, for the highest frequency of teleworking there is a decrease in commuting distance and weekly travelled distances for all purposes and modes, with the exception of active modes. The more frequent teleworkers also have a higher number of weekly trips by active modes and business and non-work trips. The variables describing land use features and transport accessibility of residence and work locations were obtained both from the NTS and from external data sources. NTS data for residence and work locations are available at different geographical levels. Data for residential locations are available at the level of Primary Sampling Units (PSU), which corresponds to a postcode sector, but also for more aggregate levels such as wards and unitary authorities (UAs). On the other hand, data for employment locations are available only at the level of unitary authorities. The NTS also collects data on respondents' perceptions about accessibility to public transport (i.e., nearest bus stop, nearest train station) and frequency of services close to their residence. These data were complemented by additional external (i.e., not in NTS) data relating to the number and density of jobs in the employment UAs, as well as the density of roads and train stations in the residence ward. Based on these variables, a principal components factor analysis technique was employed, which resulted in six factors explaining 68.5 % of the total variation. These factors, together with their defining variables and respective scores, are presented in Table 4 . From the resulting six factors, three are mainly related with the characteristics of the residence area, two with the employment area, and one is related both with the residence and employment areas. The first factor, named Living in a denser area has high loadings in density variables, bus frequency and minor roads density. The second factor is associated with working in London or other dense job centers. The third and fourth factors are related with the level of accessibility to both rail and bus services in the vicinity of the residence, and capture both zones with high accessibility to rail and zones with low levels of bus accessibility. The fifth factor captures the joint characteristics of living in areas with high accessibility by freeway and working in the suburbs of metropolitan areas. Finally, the sixth factor has strong loadings on the interaction between the number of jobs and working either in rural areas or in small urban areas. It was named Working in the countryside.
Methodology
The modelling approach used here is path analysis, which is a special case of Structural Equation Modelling (SEM) when all variables included in the different model equations are observed. The general equation for this method is as follows: y=Βy+Γx+ζ
where: y is the vector of the endogenous variables; B is the matrix containing the coefficients for the equations relating the endogenous variables; X is the vector of the exogenous variables; Γ is the matrix containing the coefficients for the equations relating the exogenous with the endogenous variables; ζ is the vector of the residuals from the structural relationships between y and x.
The fact that this method is able to model simultaneously several endogenous variables and handle direct and indirect relationships makes it particularly adequate to study complex relationships between travel behavior and the urban environment (for more details about SEM see, for example, Kaplan, 2000; Bollen, 1989) . The model results include direct (equivalent to regression coefficients), indirect (sum of the effects mediated by other variables) and total effects (sum of the direct and indirect effects). Direct effects give a clear image about the model structure, but the total effects allow for a better interpretation, since due to possible contradictory direct and indirect effects, model interpretation based only in the direct effect might lead to misleading conclusions. The estimation method used is the Weighted Least Squares (WLS). This method was developed to deal with binary, ordered and censored variables (Golob, 2003) , as is the case of our data. Since WLS uses correlation matrices, the resulting coefficients are standardized, facilitating a direct comparison between the magnitudes of the different effects.
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Results and discussion
Causality between home telework and commuting distance
As discussed previously, one of the key issues in the study of the relations between teleworking, land use patterns and travel behavior is the direction of causality between teleworking and commuting distance. The modelling method, path analysis, is used to test theoretical relationships, but it cannot establish causal relationships unless the conditions of temporal ordering, correlation and control for other causes are met (Schumaker & Lomax, 2004) . In the case of our study it is basically temporal ordering that is missing, since the data comes from eight years of cross-sectional travel surveys. Nevertheless, it is possible to test different model specifications, compare them, and based on the model fit indicators and the arguments laid out in the literature, opt for one specification. Since both models used share a common part (the only difference in their structure relates to the endogenous variables for the travel modes and travel purposes), three different alternatives were tested for the common component: a) teleworking frequency is a function of commuting distance, b) the reverse relation is considered, and c) a simultaneous bidirectional relationship between commuting distance and teleworking frequency (non-recursive model). To compare these models four goodness-of-fit indicators where considered, namely, the chi-square statistic (and its p-value), the Akaike Information Criterion (AIC), the Consistent Akaike Information Criterion (CAIC), and the Expected Cross Validation Index (ECVI) together with its 90% confidence interval. The model with the lowest values for the three last indicators should be the preferred one (Kaplan, 2000; Schermelleh-Engel, Moosbrugger, & Müller, 2003) . The results are presented in Table 5 . With the exception of the chi-square statistic (although the implied p-value is almost identical to the one for alternative c), which has the smaller chisquared statistic), all the fit indicators support the choice of alternative a), that is, teleworking frequency as a function of commuting distance, as the preferred specification. However, the fit indicators are not fully conclusive, since the confidence intervals of ECVI have some overlap. Also, in the case of specification c) the coefficient for the effect of commuting distance on telework is negative and non-significant. From these indicators and the discussion presented earlier we have opted for specifying home telework as a function of commuting distance. 
Goodness of fit of models by travel mode and travel purpose
Both model specifications (travel modes and travel purposes) present good levels of fit, as can be seen from Table 6 for the following fit indicators: the Chi-square statistic, respective p-value, the RMSEA and the Test of Close Fit (RMSEA<0.05), and both Bayesian fit indicators AIC and CAIC. The ratio between the chi-square and the degrees of freedom, close to 1 for both models, is also indicative of a good fit (Schermelleh-Engel et al., 2003; Jöreskog & Sörbom, 1993) . In addition, the RMSEA values indicate a good fit (Schermelleh-Engel et al., 2003) and the values for AIC and CAIC are smaller than the values for both the saturated and independence models, indicating that the estimated models are superior to these. Table 7 and Table 8 report both the standardized direct and total effects of the exogenous variables obtained from the models of weekly travel by mode and by purpose, respectively. Globally, both models are able to capture the effects from socioeconomic characteristics on travel variables as predicted in the literature. Higher household income levels are associated with increased travel by (private and transit) motorized modes and for the different purposes (i.e., commuting, business, non-work). Weekly travelled distances are higher for men for each type of travel mode and purpose, with the exception of nonwork related travel, which is higher for women. This suggests that women may spend more time than men travelling for non-work reasons (e.g., shopping, escorting children to school). Car ownership levels are also influenced by the exogenous variables, namely, household income and the number of adults in the household. The results also support the existence of self-selection of residential and working location on individual and household socioeconomic characteristics. With respect to the factors affecting home telework frequency, the models suggest that younger, male workers with a college degree belonging to smaller households with higher income levels are more likely to engage in telework more frequently. This is in accordance with what has been reported previously (e.g., de Graaff & Rietvelt, 2004; Poury & Bhat, 2003; Hjorthol & Nossum, 2007; He & Hu, 2015) . House tenure duration is positively related with telework frequency, supporting the argument that teleworking is in great part a strategy to cope with longer commutes. 
Effects on weekly travel due to the exogenous variables
0.001
Note: coefficients significant at 95% presented in bold. Note: coefficients significant at 95% presented in bold. Home telework, travel behavior, and land-use patterns 6.4 Effects on weekly travel due to the endogenous variables Table 9 and Table 10 report the main findings for the standardized effects of the endogenous variables obtained from the models of weekly travel by mode and by purpose, respectively. The relationships estimated in the models are shown in Figure 2 and Figure 3 , which provide a visual summary of the standardized effects due to the endogenous variables in the form of path diagrams. Table 9 shows that home teleworking frequency increases the weekly distance travelled for all modes, indicating that teleworking is not an effective travel demand management strategy, quite the contrary. This in turn suggests that home teleworking has a complementarity effect on travel, corroborating the findings of Zhu (2012) , who argued that teleworkers had larger travel budgets. Looking at the total effects of teleworking on the weekly distances travelled, the strongest effect is found for active modes followed by car, while the effect for transit modes is substantially weaker. The positive effect on distance travelled by active modes is mainly a consequence of the positive effect of teleworking on the number of trips by active modes. This result is in accordance with findings by Pendyala et al. (1991) and Saxena and Mokhtarian (1997) , which point to the fact that teleworkers tend to have a smaller activity space centered around their house in the days they work from home. On the contrary, the effect of teleworking on weekly travel by car suggests that although teleworkers may make fewer car trips, they travel longer distances. These results also indicate that although teleworking frequency increases travel, the stronger determinants of mobility are location patterns, commuting distance and motorization rates. Nevertheless, teleworkers travel more than non-teleworkers with similar location and motorization patterns.
When considering weekly travel by purpose (in Table 10 ), the results show that home teleworking frequency reduces weekly commuting trip frequency, but increases the number of trips for the other two purposes (i.e., business and non-work). Teleworking frequency also increases the distances travelled for all purposes, although the total effect on non-work distances travelled is not statistically significant. This indicates that teleworkers may engage in more, but shorter, non-work related trips, possibly as a result of reduced trip chaining, which is in accordance with the findings by Pendyala et al. (1991) .
The direct effect of teleworking frequency on weekly travelled commuting distance travelled is positive in spite of the negative effect of teleworking on the number of commuting trips. This result suggests there may be a negative offsetting / compensation effect whereby the reduced number of trips is more than offset by longer one-way commute distances. These results, and the fact that commuting distance has a strong negative total effect on commuting trips, and a positive effect on teleworking frequency, show that individuals who live farther from work may have a greater incentive to make fewer weekly commuting trips, for example by working from home, in accordance with the hypothesis that teleworking may be, at least in the short term, a strategy to cope with longer and costlier commutes. Longer commute distances may encourage individuals to adopt home teleworking as a way of saving time and monetary cost associated with commuting to work. The higher housing costs of very large urban areas, as is the case of London, may create an additional pressure on commuters to live farther away from their urban workplaces, in suburban or peri-urban areas where housing is more affordable. Particularly relevant is the fact that workers living in denser areas and in areas with good rail accessibility have a lower probability of working from home more frequently; reinforcing the view that teleworking may be used as a strategy adopted to cope with costlier and longer commutes.
As for the other relationships, Figure 2 and Figure 3 show that there is a clear hierarchy of decisions going from longer term decisions to shorter term ones. Nevertheless, there are some feedback effects from car ownership and commuting distance to land use factors for both the residence and employment locations. Land use characteristics associated with living in more central and denser areas are associated with shorter commutes. Car ownership level is positively influenced by commuting distance, and strongly negatively influenced by land uses associated with more central and denser areas. These results are in line with existing empirical evidence, thereby reinforcing our confidence in the models. Note: coefficients significant at 95% presented in bold. Home telework, travel behavior, and land-use patterns 
Conclusions
This work studied the effects of home-based teleworking on the number of trips and weekly miles travelled by mode and purpose for one-worker households in Great Britain using data from the NTS for the period between 2005 and 2012. To better understand the relationship between home teleworking and travel, a path analysis model based on previous research on the relationships between travel behavior, home and workplace land use characteristics, and long-and short-term travel related decisions was estimated. The use of this modelling approach allowed us to explicitly model endogenous relations in the chain of decisions relating to home and work location, commuting distance, car ownership, teleworking frequency and weekly travel. The main conclusions relating to home teleworking frequency point to the fact that it increases weekly miles travelled, particularly by car, while it does not reduce commuting weekly miles travelled (in spite of reducing the number of commuting trips). This indicates that the benefits of home teleworking are offset by the longer home-to-work commuting distances of teleworkers. It also suggests that home teleworking is not an effective travel demand management strategy, particularly because it seems to increase car mode share. On the other hand, teleworkers may engage in more non-work related trips centered around their homes, and since they have lower transit accessibility levels at their residence areas, they are likely to resort to either active travel (for shorter trips) or the car, which is available to them (i.e., higher levels of car ownership). The outcome therefore appears to be: travelling more by less sustainable and more polluting transport modes.
The findings also support the hypothesis that home teleworking can be used by individuals as a strategy to cope with long and costly commutes. This is supported both by the reverse causality analysis using competing model specifications, the studies discussed in the literature review (e.g., Mokhtarian & Salomon, 1997; Ory & Mokhtarian, 2006; Helminen & Ristimäki, 2007) , and the fact that commuting distance is the result of decisions with respect to both residence and employment locations. These decisions are considered as medium-to long-term decisions, since high transaction costs mean they are difficult to revert instantly. This does not mean that the possibility of working from home might not be considered as one decision variable when households are contemplating relocating, but it is more likely an enabler than one of the main drivers for home relocation.
These results have one potential caveat. Although the distance travelled by mode and commuting distance increase with teleworking frequency (see Table 3 ), there is a reduction in these indicators for the highest frequency of teleworking. This implies the possibility of very frequent teleworkers travelling less and indicates there may be some non-linear effects in the relationship between telework and travel behavior. Unfortunately, since the number of very frequent teleworkers (i.e., people engaging in teleworking three or more days a week) represents a very small proportion of the dataset (3.6%) it is not possible, even when modelling telework frequency as an ordered variable, for the model to capture this slump and to draw definitive conclusions about its causes.
Finally, it is worth noting that this research only considers a specific group of households, namely single-worker households. Although they do not represent the majority of households, they are nonetheless a relevant group (almost half of the households with workers) of the population and allow testing our modelling approach in a less complex context such as that of two-worker households. Therefore, future research will extend and adapt the path analysis modelling framework developed in this paper to two-worker households and total household travel.
